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| NTRODUCTI ON
A dinical Usage

Estropi pate is an estrogeni ¢ substance prepared from
purified crystalline estrone, solubilized as the
sulfate and stabilized with piperazine. The oral
estropi pate tablet is prescribed for the treatnent of
estrogen deficiency associ ated with noderate to severe
vasonot or synptons of nenopause, atrophic vaginitis,
kraurosi s vul vae, fenmal e hypogonadi sm fenale
castration, and primary ovarian failure. The anount of
pi perazine present in the drug does not exert any

phar macol ogi cal effect. The drug is admnistered
cyclically, either alone or in conjunction with a
progestin. As estrogens have been reported to increase
the risk of endonetrial carcinoma, the |owest effective
dose of estropipate is prescribed and cl ose clinical
surveillance is recomrended for all wonen under
estrogens therapy (1).

B. Chem stry

The chem cal structure of Estropi pate appears in the
follow ng figure:
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ESTROPI PATE

Estropi pate has a nol ecul ar wei ght of 436.56. The drug
is also ternmed estrone hydrogen sulfate. It is
stabilized with piperazine (1:1). Estropipate is water
sol ubl e and has no taste or odor.

A inical Pharnacol ogy

Estrogens are steroid hornones, formed nainly by
ovarian follicles in prenmenopausal wonmen and are
responsi bl e for the devel opnent and nai nt enance of the
femal e reproducti ve system and secondary sex
characteristics. Estradiol and estrone exist in a
reversible equilibriumw th estrone sul fate, which nay
act as an inactive estrogen reservoir for both estrone
and estradiol. O the naturally occurring estrogens,
estradiol is the nost potent one. Estradiol is
converted to estrone by 17R-dehydrogenase in the |iver
and ot her tissues. The conversion is reversible, but
estrone fornation is favored. Reversible netabolism of
estrone to estrone sulfate occurs via sulfurylation in
the liver and endonetrium(2). Once estradiol is

nmet abol i zed to estrone by 17@3-dehydr ogenase, subsequent
steps in degradation are principally oxidative.

Estrone either undergoes hydroxylation and then

nmet hyl ation in the A ring produci ng net hoxyestrone, or
it undergoes hydroxylation in the Dring, producing
estriol prior to excretion (3).

| n premenopausal wonen, 95%or nore of circulatory
estradiol is secreted fromthe ovary containing the
domnant follicle or corpus luteum Periphera
conversion of estrone to estradi ol accounts for nost of
the remai ning estradiol production. Since estradiol is
primarily the product of the developing follicle, in

t he nmenopause estradi ol production is dranatically

| owered, and the primary source of estradiol is from

t he peripheral conversion of estrone (4,5).

Phar macoki neti cs



Estrone sulfate is absorbed pronptly and conpl etel y
fromthe gastrointestinal tract. Plasma peak
concentration of estrone sulfate occurs at about four
hours after oral admnistration of Estropipate under
fasting conditions and at about 5 - 8 hours when taken
after neals. The drug is highly bound to serum al bumn
(6). Most of the estrone sulfate is absorbed in plasna
w thout prior hydrolysis. The reported half life of
estrone sulfate is about 12 - 20 hours. The
inactivation of the drug takes place mainly in the
liver (7 - 10).

1. Bl CEQU VALENCE STUDI ES

A

Types of Studi es Required

Estropipate is currently available in 0.75, 1.5, 3.0
and 6.0 ng tablets as Oygen R (Abbott). To gain approval
for a generic estropipate tablet, the follow ng studies
are required:

1. A single dose, fasting, two way crossover study
with the 6 ng strength generic estropi pate test
product conpared to the reference product, Qgen R6

ng tabl et.

2. In vitro dissolution testing for the 6 ng
strengt h.

3. Wi vers of bi oequi val ence study requirenments nay

be granted for the 0.75 ng, 1.5 ng and 3.0 ny
strengths if the followi ng conditions are net: a)
t he sponsor has conducted an accept abl e

bi oequi val ence study for its 6 ng strength product
as described in this guidance; b) the 0.75 ng, 1.5
ng and 3.0 ng strength products are proportionally
simlar in their active and inactive ingredients
to the 6 ng strength; c) the 0.75 ng, 1.5 ng and
3.0 ng strength products neet an established in
vitro dissolution specification.

Fasting Study

(bj ective: The objective of this study is to conpare
the bioavailability of a generic estropipate 6 ny
tablet (test product) with that of the reference
product Qgen R 6 ng tabl et (Abbott) under fasting
condi ti ons.



Design: The study design is a single dose, two
treatnment, two period, two sequence crossover, with a
washout period of at |east 7 days. Subjects should be
randomy assigned to the two possi bl e dosing sequences.

Facilities: The clinical and anal ytical sites for the
study should be reported, along with the nanes, titles
and the curriculumvitae of the nmedical, scientific and
analytical directors. The starting and endi ng dates
for each clinical study period should be stated. The
study protocols shoul d be approved by an institutional
revi ew board, and i nforned consent forns shoul d be
signed by all participants.

Subj ects: The study should include 24 or nore (to
ensure adequate statistical results) healthy,

post nenopausal fenal es between the ages of 45 to 60
years and within 10%to 15% of the ideal body wei ght
for height and frane size. The postnmenopausal status
wi Il be based on physiol ogi cal or surgical menopause of
not | ess than one year confirmed by nedi cal

exam nation. Subjects should be selected on the basis
of nedical history, physical exam nation and | aboratory
tests.

Exclusion Criteria: Subjects with hypersensitivity to
the drug or known sensitivity to any of the estrogenic
conpounds, or a history of henatol ogical,

cardi ovascul ar, gastrointestinal, hepatic or rena

di seases, drug abuse or al coholismare to be excl uded.

Procedures: The in vivo bioequival ence study shoul d be
conducted on 6 ng estropi pate (5 ng estrone base)

tablets of the test and reference (Qgen ) products.
After an overnight (8 to 10 hours) fast, subjects

shoul d receive a single dose of the test product or the
reference product with 240 m of water:

Treat ment A Test product, 1x6 ng Estropi pate Tabl et
Treat ment B: Ref erence product, 1x6 ng Qgen R (Abbott)
Tabl et

The test product should be froma production |ot or
froma |l ot produced under production conditions. The

| ot size of the test product should be equal to or nore
t han 100, 000. The lot nunbers of both the test and
reference products and the expiration date for the
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reference product should be stated. The potency of the
reference product should not differ fromthat of the
test product by nore than + 5% The sponsor shoul d
include a statenent of the conposition of the test

pr oduct .

The clinical staff admnistering the doses shoul d
verify that the dose was ingested by each subject.
After a one-At |east seven days after the | ast sanple
collection in the first period of the study, each
subj ect should receive the alternative treatnent.

Restrictions: Prior to and during each study phase,
subj ects should conformto the followi ng restrictions:

a. Subj ects shoul d be confined to the clinica
facility for 24 hours after dosing and return to
the facility for the 30, 36, 48, 60 and 72 hour
bl ood sanpl es.

b. Subj ects should be free of all nedications
i ncluding OTC products fromtwo weeks prior to the
drug admnistration until after the study.

C. No al cohol or caffeine containing beverages or
food shoul d be consuned for 48 hours prior to the
st udy.

d. Water will be allowed ad |libitum except for one

hour before and two hours after drug
admni stration.

e. Subj ects shoul d be served standardi zed neal s no
| ess than 4 hours after drug adm nistration.

Bl ood Sanpling: Venous bl ood sanples in a vol une
sufficient for sanple anal ysis should be collected at
the followng tinmes: -48 hours, -24 hours, 0 hour

(i mredi ately preceding drug admnistration), 1, 2, 3,
3.5, 4, 4.5 5, 55 6, 7, 8 10, 12, 16, 24, 30, 36,
48, 60 and 72 hours post-dose.

Sanpl e Anal ysis: The plasma shoul d be separated and
imredi ately frozen at -20 ° Cuntil analysis. P asm
sanpl es shoul d be assayed for the estrone and estrone
sul fate conjugate. For each subject, the sponsor
shoul d state the tine el apsed between sanpl e coll ection
and sanpl e assay. An explanation shoul d be provided



for any m ssing sanpl es.

Anal ytical Methods: Estrone sulfate and the

unconj ugat ed estrone shoul d be extracted from pl asna by
an efficient solvent extraction procedure (11). The
amount of estrone sul fate and unconj ugated estrone
shoul d be determned by an assay nethod which is
sensitive, specific and reproduci ble. Radi oi mmunoassay
(12,13) and isotope dilution nass spectronetry (7)

nmet hods have been used for the estimation of estrone
and estrone sulfate levels in plasna.

The assay net hodol ogy shoul d be val i dated before
estinmating the plasna estrone and estrone sulfate

| evel s. The standard curves for the drug shoul d be
submtted along with a detailed report on the

anal ytical procedure. The final report should include
information on the specificity, limt of
quantification, linearity, accuracy and precision
(interday and intraday) of the assay nethod. Standards
and quality control sanples of three different
concentrations should be anal yzed daily along with the
test and reference sanples. Baseline plasma
concentrations of conjugated and unconjugated estrone
at the three sanpling tinmes should be averaged to
obtain a single baseline value for each of these two
conpounds. Conj ugated and unconj ugat ed estrone
concentrations should be provided with and without
basel i ne correction. Sanples shoul d be grouped so that
all test and references sanples for a given subject are
assayed on the sane day in order to mnimze
intrasubject variability. The plasna estrone and
estrone sulfate data should be sumari zed for each
sanpling tine with proper standard devi ati ons,
coefficients of variation and appropriate statistical
anal ysis (ANOVA) .

Phar macoki netic Analysis: The follow ng

phar macoki neti c paraneters shoul d be cal cul ated from
pl asma drug concentration-tine data with and wi t hout
basel i ne correction:

a. AUC,,, where T is the |ast neasurable tine point
cal cul ated by the trapezoidal rule.

b. AUC, ., where AUC, . = AUC, + C,/(2,),C; is the |ast
nmeasur abl e drug concentrati on and A, 1S the
termnal elimnation rate constant. AUC . isS



cal cul ated only for baseline-corrected data.

C. C.x, €qual to peak drug concentration
d. Tex, time to peak drug concentration
e. Az, the termnal elimnation rate constant

Primary data fromwhi ch these paraneters are derived
shoul d be included in the submssion. Mthods of

phar macoki neti c cal cul ati ons shoul d be docunented and
i ndi vidual calculations submtted for review The
sponsor shoul d speci fy which points on the
concentration-time curve were used for cal cul ation of
the termnal elimnation rate constant and provide the
correlation coefficient for this determ nation.

Statistical Analysis: The sponsor should perform
anal ysis of variance (ANOVA) appropriate for a
crossover design on the pharnacoki netic paraneters
AUC,,, AUC, . and C,, using the General Linear Mdels
(&M procedure of SAS or an equival ent program The
statistical nodel should include terns describing the
error attributable to sequence, subjects within
sequence [subj (seq)], period and treatnent. The
sequence effect should be tested agai nst the between
subject [subj (seq)] error term Al other main
effects shoul d be tested against the residual error
fromthe ANOVA. The ESTI MATE statenent in SAS shoul d
be used to obtain linear estinates for the adjusted
di fferences between treatnent neans and the error
associated with these differences. The two one-sided
tests procedure shoul d be used to cal cul ate 90%
confidence intervals about the differences in treatnent
means for each paraneter. The confidence intervals
shoul d be expressed relative to the [ east square nean
of the reference product (14).

To determ ne whether or not the nodel has adequately
adjusted for differences in the baseline estrogen

| evel s of the subjects, an analysis of covariance
(ANCOVA) shoul d be conducted using the first baseline
value fromthe study (the single nean baseline val ue
obtai ned i medi ately prior to the first dosing period).
Terns for baseline and baseline*treatnment interaction
should be included in the statistical nodel. |If there
is no baseline * treatnent interaction (p > 0.05), the
results of the ANOVA can be used for establishing the



90% confi dence intervals about the ratio of treatnent
means [two one-sided tests procedure].

The ANOVA' s and ANCOVA' s shoul d be conducted on bot h
the original scale and follow ng I n transformati on of
the treatnment data. Wen a baseline correction is
used, the anal ysis should be conducted prior to |og
transformation. For the ANCOVA, baseline data shoul d
be nai ntai ned on the untransformed scal e.

Clinical Report: The sponsor should report al
clinically adverse reactions that occurred during the
study with regard to date and tinme of onset, duration,
frequency, severity and suspected relation to the drug
t reat nent.

DI SSOLUTI ON

D ssol

ution testing should be conducted on 12 estropi pate

tablets of both the test and the reference products fromthe
lots used in the in vivo bioequival ence study. Testing
shoul d be conducted utilizing the follow ng conditions:

Apparatus: USP XXI| apparatus || (paddle)
Medium 900 M of Water (deaerated)at 37 °C

Speed:

75 RPM

Tabl ets Used: 12
Ref erence Drug: Qgen R (Abbott)

Sanpl i

ng tinmes: 15, 30, 45, and 60 m nutes

Met hod of Estimation: HPLC or any sensitive assay mnet hod
Specification: N.T 75%in 60 mnutes

For di

ssolution testing, the sponsor shoul d include the

foll ow ng data:

a.

b.

Lot nunbers for both test and reference products.

The percent dissolution for each dosage unit bei ng
tested at each tine interval

The nean percent dissolved, the range of percent
di ssolution and the coefficient of variation for the 12
units being tested at each tinme interval.

Conparative dissolution testing profile data for the
test and reference products at 15, 30, 45 and 60
m nut es.
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e. Validation data for the anal ytical method used.
f. Expiration date for the reference product.

Bl OEQUI VALENCE REQUI REMENTS FOR THE LONER STRENGTHS OF
ESTROPI PATE

To obtain approval for the 0.75 ng, 1.5 ng, and 3.0 ny
strength tablets of estropi pate, the bi oequival ence
requirenent will be deened to have been nmet under either of
the follow ng conditions:

1. An accept abl e bi oequi val ence study on the 0.75 ng, 1.5
ny and 3.0 ng tablets, or

2. Evi dence of the follow ng conditions:

a. The 0.75 ng, 1.5 ng, and 3.0 ny tablets are
proportionally simlar in their active and
inactive ingredients to the 6 ng tablets which
underwent an accept abl e bi oequi val ence st udy.

b. The 0.75 ng, 1.5 ng, and 3.0 ng tabl ets have
sati sfactory dissolution characteristics conpared
tothe 6 ng tablets, as well as to the respective
dosage strengths of the reference drug product.

POTENCY DETERM NATI ON

Prior to initiation of the bi oequival ence study the

appl i cant shoul d determ ne the potency of the lot of the

test drug product to be used in the study. It is

recomrended that the applicant should ensure that the

potency of the ot of the listed product to be used as a
reference in the bioequival ence study is within + 5% of that
for the test drug product. The data on potency shoul d be
submtted with the dissolution data.

CONTENT UNI FORM TY TEST
Content uniformty data for 10 test tablets fromthe | ot
used inthe in vivo and in vitro testing should be
determned and the data submtted along with the dissolution
testing data.
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